High-resolution radio observations of a sample of 65 radio sources at low Galactic latitudes are presented. The sources were all observed at 5 GHz with the VLA A-array. MERLIN observations at 5 GHz of the ultracompact H ii region G34.26+0.15 and one of the extragalactic sources, B1857−000, are also presented, as are GMRT observations of H i in the direction of three sources, B1801−203, B1802−196 and B1938+229. These observations were made with the objectives of (i) finding compact components suitable for studying the effects of interstellar scattering at lower frequencies, (ii) identifying high surface-brightness lobes of background radio sources to probe the Galactic magnetic field on different scales via polarization observations, and (iii) searching for young supernova remnants. The nature of the sources found to have shell or shelllike structure and exhibiting both thermal and non-thermal spectra are discussed. Of the remaining sources, B1749−281 is coincident within the positional errors of a known pulsar, not detected earlier at 5 GHz. The rest are likely to be background extragalactic objects.
INTRODUCTION
In recent years, there have been a number of relatively highresolution surveys of the Galactic plane with angular resolutions of ∼5 arcsec at cm wavelengths (e.g. Garwood et al. 1988; Zoonematkermani et al. 1990 , hereinafter referred to as Z90; Helfand et al. 1992; Becker et al. 1994 , hereinafter referred to as B94). These surveys have led to the identification of new ultracompact H ii regions, planetary nebulae and supernova remnant candidates (cf. B94). Higher resolution observations of samples selected from these surveys could be useful for identifying sources suitable for studying the ionized component and magnetic field in our Galaxy, and also for finding young supernova remnants.
The scattering of radio wave propagation by turbulent fluctuations of electron density in the interstellar medium (ISM), referred to as interstellar scattering (ISS), has proved to be a useful technique in the study of the ionized component of the ISM. ISS and its effects have been reviewed extensively by Rickett (1990) and more recently discussed by Armstrong, Rickett & Spangler (1995) . One of the observable effects of ISS is the apparent broadening of the angular diameter of an intrinsically compact radio source, with the shape and size of the broadening being determined by the nature and distribution of the turbulence. A number of heavily scattered sources such as Sgr A * , Cygnus X-3, NGC6334B and others seen through the Cygnus region have been studied in some detail. There has also been evidence of anisotropic turbulence inferred from measurements of very elliptical scattering disks along many lines of sight through the ISM (e.g. Wilkinson, Narayan & Spencer 1994; Rickett, Lyne & Gupta 1997; Spangler & Cordes 1998; Trotter, Moran & Rodriǵuez 1998; Desai & Fey 2001) .
To enlarge upon such studies a programme has been started to make sub-arcsec resolution images of low-latitude sources, primarily to find compact components suitable for studying the effects of ISS. It is worth noting that previous studies of extraglactic sources have largely concentrated on flat-spectrum, core-dominated radio sources. These are likely to be inclined at small angles to the line of sight and hence have prominent nuclear jets. In such cases, source structure is likely to significantly complicate the analysis of the effects of ISS. There might be less of a problem in lobedominated sources with cores which may not have prominent jets, but are strong enough for observations with telescopes such as the Very Large Array (VLA), the Multi-Element Radio Linked Interferometer Network (MERLIN) and the Very Long Baseline Array (VLBA).
The other principal objectives of the work are to find young supernova remnants (e.g. Green 1985 Green , 1989 Cowan et al. 1989; Sramek et al. 1992 , and references therein; Clark, Steele & Langer 2000) and identify high surface-brightness lobes of background radio sources which could be used to probe the Galactic magnetic field on different scales (e.g. Simard-Normandin & Kronberg 1980; Sofue & Fujimoto 1983; Lyne & Smith 1989; Clegg et al. 1992; Rand & Lyne 1994) . The higher angular resolution of our observations should enable a search for younger, and less evolved supernova remnants (SNRs) than has been carried out in earlier surveys (Green 1989 and references therein, Sramek et al. 1992) . Polarization observations of the high-brightness sources will add to the existing samples (Roy, Rao & Subrahmanyan 2004) which can be used to probe small-scale turbulence and structure of the magnetic field, especially towards the inner Galaxy.
RADIO OBSERVATIONS
In this paper the results of observations of a sample of 65 sources with 0
• < ∼ l < ∼ 60
• and Galactic latitude < ∼ |3|
• are presented. These sources were chosen from the catalogues of Clark & Crawford (1974) and Garwood et al. (1988) , and a sample of sources observed by Anantharamaiah & Narayan (1988 and private communication) . The choice of the sources observed depended on the lack of structural information with sub-arcsec resolution, the brightness of the source (they were the brighter ones) and scheduling constraints.
VLA observations
Each source was observed for approximately 5 to 10 minutes with the VLA A-array at 5 GHz on 1989 January 31. The sources were observed in the standard way with a phase calibrator being observed before and after the scans on two or three nearby sources. The primary flux density calibrator was 3C286. The flux densities are in the scale of Baars et al. (1977) . All the data analyses were done using the Astronomical Image Processing Software (AIPS) of the National Radio Astronomy Observatory.
MERLIN observations
The ultracompact H ii region, B1850+011 (G34.26+0.15), was observed with MERLIN during the initial phase of its upgrade on 1992 November 9 and 1992 November 12 with a single polarisation and a bandwidth of 10 MHz. Each observation was for approximately 11 hours, but this time was divided between the target and B1904+013, which was the phase reference source. The image presented here has been made by combining the MERLIN data with archival VLA observations made on 1986 April 27 at 4885 MHz.
Another source in the sample, B1857−000, which has a resolved core in the VLA image, was observed with MER-LIN at 5 GHz on 2001 September 09 for ∼10 hours. Data analysis was carried out using the Jodrell Bank D-program and AIPS and the flux density calibrator was 3C286. The amplitude calibration was established from observations of OQ208 and 3C286, the flux density of the latter being assumed to be 7.086 Jy on the shortest MERLIN baseline, which is equivalent to a total flux density of 7.381 Jy on the VLA scale. The flux density of OQ208 was determined to be 2.39 Jy.
GMRT observations
Observations of H i absorption lines towards the three sources, B1801−203, B1802−196 and B1938+229 have been carried out with the Giant Metrewave Radio Telescope (GMRT) using the default spectral line mode of the correlator with 128 frequency channels and a bandwidth of 2 MHz (velocity coverage ±200 km s −1 ). The radio source B1802−196 was observed on 2000 October 08, while B1801−203 and B1938+229 were observed on 2001 December 03. Further details about the array can be found at the GMRT website at http://www.gmrt.ncra.tifr.res.in. For these observations 3C286 was observed as the primary flux density calibrator and 3C287 as the bandpass calibrator. 3C287 was chosen since it is at high galactic latitude and the effects of Galactic H i absorption on its spectrum are known to be less than 1 % (Dickey, Terzian & Salpeter 1978) . Automatic system temperature measurements were not implemented, and the maps have been scaled by the ratio of the target source flux density as observed by the NRAO VLA Sky Survey (NVSS) to that estimated from our data. The error in the flux density is ∼10 per cent.
Before making the channel maps, the AIPS task UVLSF was used to subtract a constant term from the uv-data across the frequency channels, corresponding to the continuum emission. The GMRT has an FX correlator and therefore 'Gibbs ringing' due to any sharp feature in the spectrum dies away quickly. Consequently, it was not necessary to apply spectral smoothening to the data. As variations in the observed line frequency due to the earth's motion during the observing period were significantly less than a channel width, no diurnal Doppler corrections have been applied to the data.
OBSERVATIONAL RESULTS
Some of the VLA observational parameters and observed properties of individual sources are presented in Table 1 which is arranged as follows. Column 1: the source name using the B1950 co-ordinates. Columns 2 to 4: the half power beamwidth and orientation of the restoring elliptical Gaussian beam. The major and minor axes are in arcsec and the position angle (PA) is in degrees. Column 5: The total flux density of the source estimated by either setting a box around the source or summing the flux densities of the individual components. Column 6: the component designation. Columns 7 to 12: the corresponding right ascension and declination of the radio intensity peaks in B1950 co-ordinates. Columns 13 and 14: peak brightness and total flux density of the components in units of mJy beam −1 and mJy respectively. The values for the components with a superscript g in Column 6 have been estimated from two-dimensional Gaussian fits. The remainder have been estimated by specifying boxes around the components. Column 15: classification of the source. EG and G denote extragalactic and Galactic sources, and the letters U, SR, D and T denote an unresolved, slightly resolved, double and triple sources respectively. A source is classified as a triple if the central component appears to be the nucleus of a radio galaxy or quasar. C+E denotes a flat-spectrum core with extended emission either in the form of a lobe or jet. For a flat-spectrum source, the spectral index, α, defined as S∝ ν −α , is < ∼ 0.5. A possible head-tailed radio source is indicated by the letters HT. Among Galactic objects, PSR denotes a pulsar, H ii and PN denote an H ii region and a planetary nebula respectively. Column 16: An asterisk in this column indicates that there is a note to the source in Section 3 of the paper.
Following Sramek et al. (1992) , any young SNR candidate would be characterised by a shell-like structure and a non-thermal radio spectrum. The non-thermal spectrum would distinguish a young SNR from a Galactic H ii region or planetary nebula. The images of the extended sources with shell or partial shell-like structures (B1819−142, B1845−020 
The Galactic thermal sources
B1819−142, G16.94−0.07: The source has a counterpart in the IRAS Point Source Catalogue (PSC), and its IRAS colours satisfy the Wood & Churchwell (1989) criterion for classifying it as an ultracompact(UC) H ii region. It has an inverted spectrum between 1400 and 5000 MHz (Garwood et al. 1988; Z90; B94) . CS(2−1) emission has been detected from this UC H ii region (Bronfman, Nyman & May 1996) . B1845−020, G30.71−0.08: There is no counterpart in the IRAS PSC. From the flux density measured from this data and values quoted by Garwood et al. 1988 ; Z90 and B94, the source is seen to have an inverted spectrum between 1400 and 5000 MHz and could be either an UC H ii region or, more probably, a planetary nebula. Its structure appears very similar to that of the young planetary nebula BD +303639 (Bryce et al. 1997) . B1850+011, G34.26+0.15: This source, which has been extensively studied, is an UC H ii region with a cometary morphology, though with two very compact components approximately 2 arcsec to the east of the main extended radio emission. Using the nomenclature of Gaume, Fey & Claussen (1994) , the compact components are referred to as A and Reid & Ho (1985) at 18cm, images of the source over a range of wavelenghts from 18cm to 1.3cm have been made. Spectral lines due to a wide range of molecules including OH, H2O, NH3, CO and SiO as well as mm, submm and near, mid and far infrared continuum observations have led to a considerable understanding of the associated molecular clouds, with the hottest, densest molecular region being located between the cometary ionisation front and the two compact components to the east of the extended emission (Gómez et al. 2000; Campbell et al. 2004 ). H76α (Garay, Rodríguez & van Gorkom 1986) and H93α (Gaume et al. 1994) radio recombination lines have shown a velocity gradient from north to south across the extended component. This has been interpreted by Garay et al. (1986) as a rotation of a molecular disk round a central object, probably a cluster of stars. Gaume et al. (1994) consider it to arise from the momentum fluxes of stellar winds from the compact components impinging upon the cometary ionized region at differing position angles. The spectral indices of the two compact sources, A and B, are consistent with an ionization bounded stellar wind (Gaume et al. 1994; Wood & Churchwell 1989) . The VLA+MERLIN image clearly resolves them, but an increased signal to noise is required to determine definitive sizes. The southern peak in the head of component C is clearly resolved into an arc of emission pointing towards the south.
The Galactic non-thermal source
B1749−281, G1.54−0.96: The measured position of the source is within ∼0.7 arcsec of that of a known pulsar (Taylor, Manchester & Lyne 1993; Han & Tian 1999) . It would seem that the continuum source seen by us represents a mean flux density level for that of the pulsar. However, the pulsar has a very steep spectrum (α ∼2.8) using the listed flux densities of 1150 and 35 mJy at 400 and 1400 MHz respectively (Taylor et al. 1993) . At 1.4 GHz, the estimated flux density from the NVSS is 41.6±1.3 mJy (Han & Tian 1999; Kaplan et al. 1998) . Using this value, the expected flux density at 5 GHz is ∼1.5 mJy. The measured flux density of the source is 6.1 mJy at 4835 MHz and 1.6 mJy at 4885 MHz. With a dispersion measure of 51±14 cm −3 pc (Taylor et al. 1993 ) the pulsar would probably be close to its transition frequency between strong and weak scintillation at 5 GHz. If that is the case, very large modulations can occur since both diffractive and refractive scintillation contribute to the modulation with almost equal strength (Kramer, private communication) . The fact that Kaplan, Cordes & Condon (2000) did not detect any source at this position in their continuum survey of pulsar positions at 5GHz with an estimated flux density of 0.0±0.08 mJy, is in agreement with this.
3.3 Candidate shell structures B1801−203, G9.55+0.69: Having a spectral index of ∼1 between 365 and 4835 MHz (Douglas et al. 1996 ; Z90), the present observations reveal it to be a highly asymmetric double (Fig. 3) . The western component has a shell- Table 1 ). The contours are −1, 1, 2, 4 . . . times the first contour in units of mJy/beam shown below each image. The peak brightness is also in units of mJy/beam. The corresponding GMRT H i absorption spectra obtained with resolutions of 5.4×4.1 arcsec along PA=104 • and 17.1×12.6 arcsec along PA=102 • respectively, the H i emission spectrum from the Leiden/Dwingeloo survey and the distance-velocity profiles in the direction of the sources are shown below the continuum images. The velocities in Figs. 3 and 4 are relative to the local standard of rest. Table 1 ). For both images, the contour levels are -1, 1, 2, 4, . . . mJy/beam times the first contour shown below each image. The peak brightness is also in units of mJy/beam. Bottom right: The GMRT H i absorption spectra towards the two lobes, the H i emission spectrum from the Leiden/Dwingeloo survey and the distance-velocity profile in the direction of the source.
like structure, reminiscent of a supernova remnant candidate, although the overall structure resembles an asymmetric double-lobed extragalactic source. The GMRT H i absorption spectrum (Fig. 3) has a most negative absorption feature at ∼−15 km s −1 , and continues to about ∼−25 km s −1 . A comparison of the absorption spectrum with the emission spectrum from the Leiden/Dwingeloo survey and with the distance-velocity plot for the Galactic longitude of the source (Burton 1988; Dickey & Lockman 1990) , clearly indicates that the source is extragalactic. The column density along the line of sight to the source has been estimated to be 8.9×10
21 cm −2 , assuming a spin temperature of 100 K. Rings or shell-like structures as seen in this source are known to occur in the lobes of a few extragalactic radio sources, such as Her A, 3C310, MG0248+0641 (Conner et al. 1998 and references therein) and 3C459 (Thomasson et al. 2003) . Such structures could be caused by gravitational lensing or the formation of 'bubbles' as a result of flow instabilities. B1802−196, G10.30+0.88: The spectral index of the whole source is 1.0 between 365 and 4835 MHz. A lowerresolution image has been published by Sramek et al. (1992) .
Although the structure of the western lobe resembles a partial shell-like structure (Fig. 3) , the GMRT H i absorption spectrum shows that the maximum absorption is at ∼−14 km s −1 and continues to about ∼−27 km s −1 , indicating that it too is of extragalactic origin (Fig. 3) . The column density along the line of sight to the source has been estimated to be 10 22 cm −2 . If the high-brightness ridge of emission is interpreted to be a curved radio jet, it is a one-sided jet without a detected radio core, which is uncommon. B1938+229, G58.97+0.22: The VLA image of B1938+229 (Fig. 4 lower left) 
43.
′′ 5 with peak and total flux densities of 14 and 53 mJy respectively. It was not clear if the two components were related, but GMRT continuum and H i observations show that they are and that the whole source is a double-lobed extragalactic one (Fig. 4, upper and lower right) . From these observations and the data of Garwood et al. (1988), Z90 and Taylor et al. (1996) the spectral index of the source is ∼0.9 between 327 and 5000 MHz. The maximum absorption in the western lobe occurs at about ∼−54 km s −1 and continues to ∼−70 km s −1 , while for the eastern lobe the corresponding values are ∼−60 km s −1 and ∼−70 km s −1 respectively. The differences in the H i absorption line profiles against the two lobes can be attributed to variations in the optical depth, τ , as the source is seen through the lower edge of the warped Galactic H i disk . The column densities in the directions of the two lobes are ∼2×10 22 cm −2 .
3.4 The remaining sources B1748−253: The source is resolved with an angular size of ∼0.2 arcsec. It has been observed earlier by Lazio & Cordes (1998 • . B1827−073: The source is resolved with an angular size of ∼0.3 arcsec. B1829−106: The radio spectrum is flat (α 4835 365 ∼ 0.1) and the structure is similar to that of a core-dominated, onesided radio source. B1830−089: The southern component is resolved, has a steep spectrum and is likely to be a compact hotspot. B1834−018: It is likely to be the hotspot of a highly asymmetric double-lobed source, reminiscent of B0500+630 (Saikia et al. 1996) . B1835−060: The source is resolved with an angular size of ∼0.6 arcsec. B1838−072: There is an unrelated source with peak and integrated flux densities of 13 and 21 mJy respectively at RA 18 h 38 m 50. s 31 Dec −07
• 15 ′ 20. ′′ 9. B1844−025: The source is somewhat resolved with an es- c 0000 RAS, MNRAS 000, 000-000
Figure 5 -continued c 0000 RAS, MNRAS 000, 000-000 timated angular size of ∼0.7×0.4 arcsec 2 along PA of 9
• . It has a flat spectrum between 365 and 5000 MHz (Garwood et al. 1988; Z90; B94; Douglas et al. 1996 ; present paper), and is ∼20
′′ from a region of H2O maser emission (Valdettaro et al. 2001) . There is a source in the IRAS PSC ∼30 arcsec from the radio source, which could be associated with it. If so, it could be an UC H ii region. However, a background flat-spectrum source heavily broadened by ISS cannot be ruled out. It is worthy of further investigation. B1849+005: The radio spectrum flattens towards higher frequencies (Z90, B94, Douglas et al. 1996) , suggesting it to be a core-dominated source. B1851+031B: There is a weak source with peak and integrated flux densities of ∼3 and 5 mJy respectively at RA 18 h 51 m 08. s 03 Dec 03
• 10 ′ 33. ′′ 8. B1857−000: The VLA image showed the source to have a one-sided structure with a dominant core which appeared resolved with an angular size of 0.26×0.13 arcsec 2 along a PA of 25
• . The source was observed with MERLIN to investigate whether the resolved size might be due to scattering or to a prominent jet close to the nucleus. The MERLIN image at 5 GHz (Fig. 6) shows an unresolved core and extended jet-like emission towards the south-west. B1933+167: The source is resolved with an estimated angular size of ∼0.3 arcsec.
CONCLUDING REMARKS
Subarcsec-resolution observations of a sample of low galactic latitude sources have revealed shells in two Galactic thermal radio sources, G16.94−0.07 and G30.71−0.08, and shell-like like structures in three non-thermal radio sources, which are likely to be extragalactic radio sources. VLA and MERLIN data have been combined to produce a high resolution image of the UC H ii region, which reveals an arc-like structure pointing towards the south. No good young supernova remnant candidates have been found, which is consistent with earlier searches (e.g. Green 1989 , Sramek et al. 1992 and references therein). The observations have shown that ten of the sources are single and compact, eight of which are slightly resolved at 5 GHz, marked SR in Table 1 , while the remaining two are unresolved. The resolved sources may have been broadened by ISS, although further observations of these sources at different wavelenghts are required to establish the effects of ISS. One of the slighly resolved sources, B1857−000, was observed with MERLIN at 5 GHz and found to have a core-jet structure.
The radio source B1749−281 is believed to be a pulsar which has not been detected earlier in continuum observations at 5 GHz (Kaplan et al. 2000) . The difference in the measured flux densities in the two 5 GHz bands, and also its earlier non-detection, is almost certainly due to a combination of refractive and diffractive scintillations.
A number of the extragalactic double-lobed radio sources are highly asymmetric in their brightness ratios. Six of them have a brightness ratio > ∼ 10 and a further nine have a ratio > ∼ 5. These are all lobe-dominated radio sources. Assuming an angle of ∼60
• to the line-of-sight and a typical hot-spot speed of ∼0.2c, the expected ratio is only ∼2, suggesting that many of these sources which are of small angular size are intrinsically asymmetric.
